As in Part I, non-activated (natural) and chemically activated oak shells were evaluated for their ability to remove phenol and Methylene Blue (as a typical dye component) from aqueous solutions. Batch adsorption experiments were conducted to investigate the effect of contact time, sorbent concentration, phenol concentration and the pH of the solution on the sorption process.
INTRODUCTION
Phenolic compounds are common contaminants in wastewaters. They can be generated by petroleum and petrochemical industries, coal conversion and phenol-producing industries (Fang and Chen 1997) . Phenols are considered as priority pollutants since they are harmful to organisms at low concentration and many have been classified as hazardous pollutants because of their potential harm to human health. Wastewater produced by the printing and dye industries is also one of the main sources of pollution. Colour removal is one of the most difficult requirements faced in textile finishing, dye manufacturing, and pulp and paper industries (Nigam et al. 2000) . These industries are major water consumers and are, therefore, a source of considerable pollution.
As with heavy metals, it is necessary to remove phenol and dye materials from wastewater effluents before they are discharged to the environment. Among the technologies used for phenol and dye removal is adsorption. Examples of cheap materials used as alternatives for activated 189 *Author to whom all correspondence should be addressed. E-mail: alasheh@just.edu.jo. carbons for phenol removal are fly ash (Bishop et al. 1990 ), natural or pillared clays (Mortland et al. 1986; Boyd et al. 1988; Kowalska et al. 1994) , human hair (Banat and Al-Asheh 2001a) and chicken feathers (Banat and Al-Asheh 2001b) . Daifullah and Girgis (1998) used activated apricot stones, treated with 30% H 3 PO 4 and followed by thermal treatment at 500°C, for the removal of phenol. Powdered activated carbon has been shown to possess a reasonably good colourremoving capacity (Ramakrishna and Viraraghavan 1997) . Natural adsorbents such as rice hulls, maize cob and bagasse pith have also been studied and found to be effective and cheaper relative to activated carbon (Nassar and El-Geundi 1991; Nawar and Doma 1989) .
In this study, the approach followed previously (described in Part I) for the removal of Cu 2+ ions from aqueous solution by oak shells has been applied for phenol and Methylene Blue removal.
MATERIAL AND METHODS

Adsorbent
The same adsorbents as those described in Part I were used for the removal of phenol and Methylene Blue from aqueous solution. Both natural and chemically activated oak shells were applied.
Batch sorption experiment
A known amount of sorbent was transferred into bottles containing phenol or Methylene Blue solution to achieve the necessary sorbent concentration. The sorbate solution was varied according to the experimental requirements. The suspension was agitated in a shaker (Kottermann, Germany) and samples were taken periodically for investigating the kinetics of the sorption process. Otherwise, equilibrium was attained and the bottles removed from the shaker for analysis. The sorbent was separated from the samples by filtration and the supernatant analyzed for its phenol or Methylene Blue concentration.
The concentration of phenol was determined by the method of Gales and Booth (1976) based on the spectrophotometric analysis of the colour developed as a result of the reaction of phenol with 4-aminoantipyrine. The final equilibrium concentrations were determined using a Spectronic 21 MV spectrophotometer (Bausch & Lomb).
Methylene Blue dye solutions were scanned between 400-800 nm using a UV-vis spectrophotometer to measure the maximum absorbance of Methylene Blue using distilled water as a blank. The maximum absorbance reading was recorded at l max = 610 nm. Solutions of known concentration were used to prepare the calibration curve.
RESULTS AND DISCUSSION
Effect of contact time
The effect of contact time on the sorption of phenol and Methylene Blue dye by activated and non-activated oak shells has been investigated. The kinetics of phenol uptake were followed using a 60 ppm phenol solution at an initial pH of 4.0 and a sorbent concentration of 5 mg/ml. The corresponding kinetic experiments for the uptake of Methylene Blue employed a 20 ppm solution of the dye at an initial pH of 11 and a sorbent concentration of 5 mg/ml. In both cases, adsorption was carried out for different time periods, viz. 5, 15, 60, 120 and 180 min. The results depicted in Figure 1 show that the uptake of phenol or Methylene Blue by activated oak was higher than that by non-activated oak. This is to be expected since the surface area available for adsorption was larger in the former than in the latter. The results for phenol uptake [ Figure 1 (A)] also indicate that this sorption process was still relatively fast, thereby indicating (as in the case of Cu 2+ ion adsorption) that phenol was mainly attached at the surface of the sorbent. However, in the case of Methylene Blue [ Figure 1 (B)], longer time periods were required before equilibrium was attained. This could be due to the dye molecules, which were large compared to heavy metals or phenols, requiring a long period of time to diffuse through the intrapores.
Effect of pH
Phenol solutions of 20 ppm concentration were prepared at different pH values, viz. 4, 7, 9 and 11. Similarly, Methylene Blue solutions of 20 ppm concentration were prepared at pH values of 4, 6, 7.5 and 9. A known quantity of non-activated oak shells was added to these solutions to achieve a final sorbent concentration of 5 mg/ml and adsorption carried out for 24 h. The corresponding results are shown in Figure 2 . It is seen from the figure that the amount of phenol adsorbed increased when the pH level was higher than the pK a value of phenol, whereas below the pK a value a change in the pH value to acidic levels reduced the uptake of phenol. This trend has also been noted by Lizhoy et al. (1996) when modified bentonites were employed for the removal of phenol. Since phenol is a weak acid (pK a = 10), it was adsorbed to a greater extent at higher pH values due to the binding forces prevailing between the phenol oxide and the positive charged surface of the modified bentonites.
The results depicted in Figure 2 also indicate that the amount of Methylene Blue adsorbed decreased as the initial pH value of the corresponding solution was increased. Methylene Blue is a basic dye, i.e. it is ionized in such a manner that the coloured components always constitute the cation. Thus, its adsorptive behaviour would be expected to be similar to that of heavy metals, with the uptake increasing with increasing pH. However, the results obtained in the present work showed the opposite trend, which may be due to interaction between the coloured material and the sorbent in such a manner that certain pores might be blocked at increasing pH values (Wahab et al. 1990 ).
Effect of sorbent concentration
In this case, the effect of different adsorbent (natural oak shell) concentrations on the removal of phenol or Methylene Blue was studied. The experiments were carried out employing 20 ppm concentrations of phenol or Methylene Blue at an initial pH of 11 with different sorbent concentrations, viz. 1, 3, 5 and 10 mg/ml. The adsorption data depicted as plots of the residual concentration of phenol or Methylene Blue versus the amount of sorbent used are presented in Figure 3 . The results indicate that greater amounts of phenol or Methylene Blue were removed from solution when larger quantities of sorbent were used. This is to be expected for the reasons mentioned in Part I of this series. Under these conditions, the maximum amount of phenol removed was 37.1%. In contrast, the maximum amount of dye removed was ca. 82%, a higher value than that attained for the removal of Cu 2+ ions or phenol. This indicates that natural oak shell provided a sorbent that exhibited enhanced adsorption properties for the removal of Methylene Blue relative to that for Cu 2+ ions or phenol. 
Adsorption isotherm
The relationship between the concentration of phenol or Methylene Blue and the corresponding uptakes of these sorbates at equilibrium was also investigated using different initial concentrations of phenol or Methylene Blue. The results obtained are shown in Figure 4 . The trends in these results were similar to those observed for Cu 2+ ion adsorption (Part I).
The data depicted in Figure 4 have also been presented in terms of the Freundlich isotherm [equation (1), Part I]. As in the case of Cu 2+ ion adsorption, the Freundlich model again provided a reasonable representation of the equilibrium experimental data. For phenol removal, the Freundlich constants k f and 1/n were determined as 0.55 and 0.666, respectively. The k f value was lower than that for Cu 2+ ion adsorption, indicating that natural oak shells provide an adsorbent exhibiting adsorption characteristics that were more favourable towards Cu 2+ ions than phenol ions. In the case of Methylene Blue removal, the Freundlich constants k f and 1/n were found to be 16.4 and 0.036, respectively. The k f value was now higher than in the case of Cu 2+ ion or phenol adsorption, indicating that natural oak shells had a higher capacity towards Methylene Blue dye than either Cu 2+ ions or phenol ions. However, the 1/n value was lower relative to those for Cu 2+ ion or phenol adsorption, indicating that the intensity of this adsorption process was very low.
THE 2 III 6-3 SATURATED FACTORIAL DESIGN
As in the case of Cu 2+ ion adsorption, it was decided to use factorial design to screen the operating variables for the sorption process and to study the effect of interactions amongst these parameters during the sorption of phenol or Methylene Blue. The same analyses as followed in Part I were applied in this case and for this reason the equations given previously will not be repeated here.
The six operating variables, or parameters, selected in the present work as capable of affecting the sorption process are listed in Table 1 for both phenol and Methylene Blue removal, with values at low and high levels. The construction of the 2 III 6-3 saturated design with the measured response Y, i.e. the uptake of phenol or Methylene Blue by oak shells, is shown in Table 2 . The values of the eight parameters mentioned in Part I were estimated in the same way and are listed in Table 3 for the phenol and Methylene Blue removal processes. According to these results, the average phenol uptake (denoted as l 01 ) over these operating conditions was 4.57 mg/g. Among the coefficients for the operating variables, the estimates l 1 , l 2 , l 4 and l 5 were much larger than all the others, thereby indicating the importance of the operating variables related to these parameters. Consequently, a number of alternative interpretations are possible:
· It is possible that the terms b 1 X 1 , b 2 X 2 , b 4 X 4 and b 5 X 5 are important with the two variable interactions having a negligible effect. · It is possible that only X 1 , X 2 and X 5 are the most important operating variables and that their influences are explained by b 1 X 1 , b 2 X 2 , b 5 X 5 and b 12 X 1 X 2 . · It is possible that only X 1 , X 4 and X 5 are the most important operating variables and their influences are explained by b 1 X 1 , b 4 X 4 , b 5 X 5 and b 14 X 1 X 4 . It may also be seen that any possible interactions between the operating variables, i.e. X 1 /X 3 , X 2 /X 6 and X 4 /X 5 , would result in a decrease in phenol uptake. Which of these interactions is the more pronounced is difficult to tell from these data.
For Methylene Blue removal, the average dye uptake (denoted as l 01 ) over these operating conditions is 7.034 mg/g. Among the coefficients of the operating variables, the estimates l 1 , l 2 , l 5 and l 6 were much larger than the other estimates, indicating the importance of the operating variables related to these parameters. The possible alternative interpretations are:
· It is possible that the terms b 1 X 1 , b 2 X 2 , b 5 X 5 and b 6 X 6 are important with the two variable interactions having a negligible effect. · It is possible that only X 1 , X 2 and X 5 are the most important operating variables and that their influences are explained by b 1 X 1 , b 2 X 2 , b 5 X 5 and b 15 X 1 X 5 .
Other possibilities are still valid. Similarly, any possible interactions between the operating variables, i.e. X 1 /X 3 , X 2 /X 6 and X 4 /X 5 , would result in a decrease in Methylene Blue uptake. Which of these interactions is more pronounced is also difficult to tell from these data, as stated above.
A similar treatment as applied in Part I for resolving these ambiguities has also been applied here. Thus, the second 2 III 6-3 design for the sorption of phenol or Methylene Blue is shown in Table 4 along with the measured uptakes of phenol and Methylene Blue obtained for these additional tests. The defining relationship in this case was the same as that provided in Part I, i.e. equation (9). Consequently, expressions for the 8 estimates obtained from this second test were similar to those provided in Part I and are displayed in Table 5 for both phenol and Methylene Blue removal processes. The results from the first set of 8 tests (Table 3) can also be combined with those from the second set of 8 tests (Table 5 ) to produce the 16 estimates shown in Table 6 for both pollutants.
In the case of phenol removal, it can be said that X 5 followed by X 2 , X 1 and X 4 were the most important variables affecting the phenol uptake by oak shells, whilst other variables had smaller effects and the influence of X 6 was almost negligible. Thus, the estimate b 24 + b 56 was due to the interaction between X 2 and X 4 , and hence only b 24 need be considered. The estimate b 12 + b 36 was due to the interaction between X 1 and X 2 , and hence the importance of this estimate could be attributed solely to b 12 . The estimate b 15 + b 34 was due to the interaction between X 1 and X 5 , and hence this estimate may be attributed solely to b 24 . Obviously, the block effect, which has been defined in Part I, is less important in this case than in the case of Cu 2+ ion adsorption. It should be noted that X 1 followed by X 5 , X 2 and X 4 were the most important variables influencing dye uptake by oak shells. Other variables had smaller effects and X 6 had an almost negligible influence. Thus, the estimate b 24 + b 56 was due to the interaction between X 2 and X 4 , and only b 24 need be considered. The estimate b 15 + b 34 was due to the interaction between X 1 and X 5 , with the importance of this estimate being attributed solely to b 15 and so on. It can be stated that the block effect, as defined in Part I, is also less important in this case than in the case of Cu 2+ ion adsorption.
